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ABSTRACT OF THESIS

IMPACT OF THE HEALTHY HUNGER-FREE KIDS ACT
ON CHANGES IN THE PHYTOCHEMICAL CONTENT
OF SCHOOL LUNCH MENUS AND IMPLICATIONS OF SCIENCE-BASED
NUTRITION EDUCATION ON PROMOTING STUDENT IDENTIFICATION OF
FOODS HIGH IN PHYTOCHEMICALS
Concern that youth do not have enough fruit and vegetable intake lead to two strategies
implemented to influence intake in the school environment: the Healthy Hunger-Free
Kids Act (HHFKA) and Fighting with Food: Battling Chemical Toxicity with Good
Nutrition program (FF), which could influence phytochemical content and knowledge
regarding phytochemicals, respectively. Individual food logs (n=468) were assessed upon
completion of FF curriculum to determine whether students were able to correctly apply
their nutrition knowledge regarding FF. Menus from one district were analyzed preHHFKA and post-HHFKA in elementary (n=156), middle (n=171), and high schools
(n=171), for change in the frequency of fruit and vegetables, and for changes in select
phytochemical and vitamin content. In food logs, students correctly identified fighting
foods 71% of the time. School menus showed an increase in dark green, red/orange
vegetables, with significant increases in carotenoid and flavonol content. Results suggest
students are applying their nutrition knowledge. Also, more variety of fruit and
vegetables are being offered, despite lack of a robust increase in all phytochemicals,
which can help to lower inflammation and oxidative stress. Both strategies have the
potential to work together as a multi-level intervention that can encourage more fruit and
vegetable consumption among youth.
KEYWORDS: Healthy Hunger-Free Kids Act, Phytochemicals, Nutrition Education
Program, Youth and Adolescents, Fruits and Vegetables
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Chapter One
Introduction
Phytochemicals have been the focus of research for many years, and are thought
to be among the beneficial components of plant foods such as fruits and vegetables (Rao
& Rao, 2007). Arthur Furst, a prominent researcher in the field of nutrition and toxicity,
once stated that nutrition could fight toxic substances that humans are continuously
exposed to; food choices could counter toxic agents in the environment (Furst, 2002).
Background
Phytochemicals are non-nutrient components, found in plant foods, such as fruits
and vegetables. Research suggests that a diet rich in fruits and vegetables has the
potential to decrease the risk for cardiovascular disease, cancer, obesity, and
inflammation (Rao & Rao, 2007, Holt, 2009, Hermsdorff, 2010). Because of their
antioxidant properties, phytochemicals have received considerable attention from the
scientific field for their potential to combat the negative effects of reactive oxygen
species (Rao & Rao, 2007), or oxygenation, that can lead to inflammation and other comorbidities in the human body. Benefits of phytochemicals in human adults have been
studied, but little research has been conducted about their effects in children and
adolescents. However, healthy habits learned at a young age can be sustained and carried
on later into adulthood. Encouraging children and adolescents to consume
phytochemical-rich fruits and vegetables can lead to healthy habits that carry on into
adulthood, and in the process can provide benefits such as reducing the risk of prevalent
chronic diseases throughout one’s life. Encouraging consumption of fruits and vegetables
among youth can be done through teaching them nutrition lessons in schools. Nutritional
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knowledge can be related to food behaviors and has been significantly related to healthy
eating (Worsley, 2002). When individuals had nutrition knowledge on disease
prevention, their fruit and vegetable consumption were closer to dietary
recommendations than those without the nutritional knowledge (Harnack, et al, 1997).
In addition to nutritional knowledge, changing the built environment to encourage
fruit and vegetable consumption is also an important step to behavior change. The
Healthy Hunger-Free Kids Act of 2010, implemented changes in school menus during
school-time meals. These new guidelines implemented changes in the amount and type of
fruits and vegetables served in schools, which has the potential to increase the amount of
phytochemicals served via fruits and vegetables, increase the exposure of youth to a
variety of fruits and vegetables, and increase consumption by children and adolescents in
schools. An increase in phytochemical content has the potential to offer many health
benefits to youth upon consumption of these fruits and vegetables.
Problem Statement
Poor food choices in childhood due to lack of nutritional knowledge, limited exposure
and consumption of healthy foods, promote unhealthy nutrition habits that can carry on
into adulthood.
Purpose Statement
The United States Department of Agriculture (USDA) passed the federal guideline
known as the Healthy Hunger-Free Kids Act (HHFKA) in 2010. The first wave of
changes were implemented in 2012, which affected school lunches. The HHFKA
improved the nutritional content of the school lunch program through several changes
including the incorporation of more fruits and vegetables in school lunch. The purpose of
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this study was to determine if the content of specific phytochemicals and vitamins
increased after implementation of the HHFKA, and to examine the changes in the
frequency of fruit and vegetables served. Another purpose of this study was to assess
middle and high school students’ knowledge of nutritional food choices (also known as
fighting foods) subsequent to receiving nutrition-based science lessons that used current
scientific research on how nutrition, specifically phytochemicals, can protect against
exposure to toxic environmental chemicals.
Objectives
1. To determine whether adolescents can correctly identify “fighting foods”
following a nutrition-based science lesson defining and demonstrating the role of
such fighting foods, or dietary constituents, in decreasing exposure to toxic
chemicals.
2. To determine changes in the amount of fruit and vegetables served and the
frequency of the vegetable sub-categories served after implementing the HHFKA.
3. To determine changes in the content of select phytochemicals and vitamins in
school lunch menus after the implementation of the HHFKA.
Research Questions
1. Were students who were taught nutrition-based science lessons able to correctly
identify fighting foods a majority of the time from their one-day in-school food
log?
2. Upon implementation of the HHFKA, did the amount of fruit and vegetables
servings offered in school lunch change in a particular set of feeder schools, and
were there also changes in the variety of vegetables served?
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3. Did the average amounts of select phytochemical and vitamin content of the
school lunch menus from a particular set of feeder schools increase or decrease
upon implementation of the HHFKA?
Hypotheses
1. Students will correctly identify fighting foods in their one-day in-school food
logs the majority of the time.
2. The frequency of the fruit and vegetable servings will have changed under the
HHFKA guidelines to incorporate more fruit and vegetables, and to incorporate a
greater variety in vegetable sub-categories: dark green, red and orange
vegetables, beans and peas, starchy vegetables, and other vegetables.
3. Select phytochemical and vitamin content of school lunch menus will have
increased following implementation of the HHFKA.
Justification
According to the Centers for Disease Control and Prevention, healthy diets rich in fruits
and vegetables can reduce the risk of many chronic diseases while also providing
essential vitamins, minerals, and other substances [like phytochemicals] necessary for
good health (Centers for Disease Control and Prevention [CDC], 2014). This current
study will evaluate if the phytochemical and vitamin content of school lunch menus
increased following implementation of the HHFKA in school lunches in 2012, and
whether the frequency of fruit and vegetables served increased. In addition, this study
will assess if students can apply their knowledge of foods that are beneficial to health
(fighting foods) by identifying these fighting foods in their individual one-day in-school
food log following two nutrition-focused science lessons. The nutrition-focused lessons
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were science lessons that incorporated information pertaining to how fighting foods can
protect against the detrimental effects of environmental contaminants.
Assumptions
It is assumed that the menus used in this study were created for students specifically of
school-going age and menus were implemented and/or served on the day in which they
were scheduled to be served. It is also assumed that these menus were in compliance with
federal guidelines. Students who completed food logs under the Fighting Foods program
are all assumed to have completed the Fighting Foods lessons.
Limitations
The following limitations may be applied to this study: the food logs from the Fighting
Foods portion of this study only included post-lessons food logs. Therefore, change in
nutritional knowledge was not assessed. The menus used for phytochemical and vitamin
analysis did not include the menu for the entire year prior to or after the HHFKA.
Therefore, the cyclic nature of the menu was used to adapt a month’s worth of menus to
generate a whole academic school year’s worth of menus for the year before and the year
after implementation of the HHFKA. Nutritional data was obtained from only one school
district and may not be applicable to other school district menus, consumption of foods
by students was not measured, and the NDSR phytochemical database (NCC Flavonoid
and Proanthocyanidin Provisional Table) was limited in food item choices.
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Chapter Two
Review of Literature
Research has shown that a diet rich in plant foods, like fruits and vegetables,
contribute to a healthy lifestyle (Centers for Disease Control and Prevention, 2014). In
addition, many ancient civilizations have a long history of using food or plants as a form
of medicinal treatment. Traditional Indian medicine (known as ayurveda) and Traditional
Chinese medicine have both used plants as treatments for diseases or ailments. Both of
these traditions believe in a holistic, patient-centered approach to promote health and
enhance quality of life through the use of botanical sources as medicines for treatment
(Patwardhan, et al., 2005). The ancient Greeks also integrated plants into care of their
famous athletes; remedies were prepared from over 2,500 plant sources to help with
various conditions, of which common food sources included “extractives of onion and
celery” (Appelboom, et al., 1988). As society is facing an increase in co-morbidities,
health professionals continue to recommend high levels of fruit and vegetable
consumption (United States Department of Agriculture [USDA], United States
Department of Health and Human Services, 2011; McGuire, 2011), which would lead to
increased consumption of phytochemicals. Phytochemicals are generally thought to have
beneficial properties; the word phytochemical comes from the Greek work “phyto” for
plant or relating to plant, attached with the word chemical, meaning naturally present
chemicals in plants (Oxford Dictionary, 2014). The term phytochemical gained
prevalence in the late 1980s and early 1990s, with the coining of the term nutraceuticals
in 1989, a combination of the words ‘nutrition’ and ‘pharmaceutical’. While the concept
of the nutraceutical first arose in Europe (namely U.K., Germany, and France), Stephen
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De Felice of the Foundation of Innovation in Medicine was the first to use the term and
defined a nutraceutical as: a “food (or part of a food) that provides health or medical
benefits, including the prevention and treatment of a disease.” Nutraceuticals, in essence,
play a major role in modifying and maintaining physiological functions important to
human health. Nutraceuticals are divided into 7 categories: [dietary] fiber, probiotics,
prebiotics, polyunsaturated fatty acids, antioxidant vitamins, polyphenols, and spices.
Phytochemicals make up a large group of polyphenols, and are produced by plants as a
means of protection from photosynthetic stress and predators (Das, et al, 2012). Research
has progressed from that point and due to modern advances, much more information has
been garnered in regards to phytochemicals and their health benefits.
Carotenoids, Flavonoids and Vitamins
Phytochemicals are one of the components of plants, and they are found in all
plant foods including fruits, vegetables, legumes, and grains. Some other terms that are
associated with phytochemicals include: antioxidants, carotenoids, polyphenols,
flavonoids, and phytonutrients. Research is growing in regards to phytochemicals, with
more and more support of their beneficial role in human health. There are many
phytochemicals that have been discovered, with some studies suggesting there are over
4,000 (Produce for Better Health Foundation, 2015). The main phytochemicals of focus
in this study are carotenoids and flavonoids, the two broad types of phytochemicals.
Particular carotenoids included in this study are: beta-carotene, alpha-carotene, betacryptoxanthin, lutein and zeaxanthin, and lycopene. The flavonoids in this study included
27 total flavonoids that are grouped into five categories: flavonols, flavones, flavanones,
flavan-3-ols, and anthocyanidins:
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Ɣ Flavonols: Quercetin, Kaempferol, Myricetin, Isorhamnetin
Ɣ Flavones: Luteolin, Apigenin
Ɣ Flavanones: Hesperetin, Naringenin, Eriodictyol
Ɣ Flavan-3-ols: Catechin, Catechin-3-gallate, Gallocatechin, Epicatechin,
Epigallocatechin, Epicatechin 3-gallate, Epigallocatechin 3-gallate,
Theaflavin, Theaflavin 3-gallate, Theaflavin 3’-gallate, Theaflavin 3,3’
digallate, Thearubigins
Ɣ Anthocyanidins: Cyanidin, Delphinidin, Malvidin, Pelargonidin,
Peonidin, Petunidin (University of Minnesota Nutrition Coordinating
Center [UMNCC], 2013)
Carotenoids
Carotenoids are one of the main classes of phytochemicals naturally present in
plants. Approximately 600 carotenoids have been identified in nature (Olson, 1989), with
the most common sources of carotenoids being fruits and vegetables. Of these 600, 40
carotenoids are present in the human diet, with 20 of these identifiable in human blood
and tissue (Rao & Rao, 2007). Carotenoids are fat-soluble, meaning that they need fat to
be metabolized in the human body. Upon consumption, dietary carotenoids require some
accompanying fat during a meal in order to be absorbed effectively (Jalal, et al, 1998).
Approximately 90% of carotenoids present in the diet and human body are made up
alpha-carotene, beta-carotene, lutein, cryptoxanthin, and lycopene (Rao & Rao, 2007).
Three carotenoids are considered to be provitamin A carotenoids: beta-carotene, alphacarotene, and beta-cryptoxanthin; meaning, these carotenoids serve as a precursor source
of Vitamin A. Of the hundreds of existing carotenoids, only 10% have been identified to
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be precursors to Vitamin A (Bendich & Olson, 1989). Fruits and vegetables containing
carotenoids usually include those of bright pigmentation: yellow, red, orange colored
fruits and vegetables, as well as leafy green vegetables (Rao & Rao, 2007).
Alpha-carotene is considered a provitamin A carotenoid and has been found to
support vision (Takeda, et al, 2014). Past research has shown a relationship between
alpha-carotene and incidence of many diseases, which will be discussed further in this
review. However, there is limited research available explaining alpha-carotene’s biology
and metabolism.
Beta-carotene is another provitamin A carotenoid, a phytochemical that can be
found mostly in leafy green vegetables. This particular phytochemical is required towards
the synthesis of retinal, a growth factor, and also color vision in the retina of the eye
(Martin, et al, 2013). Beta-carotene is the major and most active precursor to Vitamin A,
which has made it the focus of research for a long time. Besides playing a crucial part in
the formation of Vitamin A, beta-carotene has many functions in the human body. It
serves as a lipoxygenase, as it is lipophilic and crucial to arachadonic acid metabolism
(Burri, 1997). Lipophilic phytochemicals can protect the body from oxidation, but more
importantly reduce cell membrane damage (Martin, et al, 2013). Beta-carotene also
promotes cell-to-cell communication within the body, immunological response within the
body, and hormone regulation (Rao & Rao, 2007), and fertility (Burri, 1997). Gap
junctions in the body are responsible for linking cells of an organism by allowing the
passage of small molecules through cells; beta-carotene can stimulate gap junction
formation between cells. Immunologically, beta-carotene has been connected with
immune cell proliferation. In regards to fertility, beta-carotene supplementation has been
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shown to increase fertility in herbivores, but evidence that it does the same in humans is
lacking. Additionally, beta-carotene functions as a redox reagent; depending on
conditions it can function as an antioxidant or reduction agent (in most cases it is
antioxidant). Serving as an antioxidant, it works to decrease DNA and lipoprotein
oxidation, which has been determined as harmful to human health: both types of
oxidation have been observed to have a relation to cancer and other degenerative diseases
(Burri, 1997).
Beta-cryptoxanthin is the last of three major carotenoids that has the ability to be
converted into Vitamin A. This phytochemical is typically found in plant foods such as
oranges, papayas, and peaches, corns, peas. In addition to acting as an antioxidant, betacryptoxanthin acts as a reductant to DNA oxidation; rather, it also has been shown to
protect against DNA damage while also promoting cellular repair of damage (Lorenzo, et
al, 2009). Some research suggests that beta-cryptoxanthin has a positive effect on bone
health. This phytochemical is unique in that it promotes bone calcification through its
anabolic influence on calcium content and/or absorption (Yamaguchi, 2008).
Lutein and zeaxanthin are typically combined when researching due to the
difficulty to differentiate the two phytochemicals (Holden, et al, 1999). Lutein is found
mostly in green leafy vegetables (i.e. spinach, kale). Lutein’s role is most seen in the
macula of the eye, responsible for central vision, and is considered to guard the eyes
against oxidative stress (Martin, et al, 2013). Functions of this phytochemical are similar
to that of beta-carotene and other carotenoids, such as cell-to-cell communication,
inhibiting cell transformation, immune system enhancement, along with protection of the
macula in the eye (Granado, et al, 2003).
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Lycopene is probably one of the most well known carotenoids after beta-carotene,
most popularly associated for its presence in tomatoes. It has the most antioxidant activity
over beta-carotene and lutein (Martin, et al, 2013), with twice the potency to decrease
oxidative stress induced by reactive oxygen species in the body. It is the most dominant
carotenoid present in human plasma (Agarwal & Rao, 2000). Since lycopene is not a
precursor to Vitamin A, it therefore cannot be converted to Vitamin A and its benefits are
not attributed to Vitamin A. It has been thought to protect lipids, lipoproteins, proteins,
and DNA from cell damage (Agarwal & Rao, 2000).
Flavonoids
Flavonoids consist of the most common group of phytochemicals in plants and are
found in numerous fruits and vegetables. More than 5,000 flavonoids have been
identified, and these fall into five classes: flavonols, flavones, flavanones, flavan-3-ols,
and anthocyanidins. Flavonoids are placed into different categories based on their
molecular structure (Nijveldt, et al, 2001). Flavonoids also are phytochemicals whose
effects on the human body have been studied and found to be beneficial to health.
Flavonoids have been observed to benefit the human body by scavenging free-radicals,
modulating enzyme activity, inhibiting cellular proliferation, and acting as antiinflammatory, anti-allergic, and antibiotic agents (Ross & Kasum, 2002).
The first category of flavonoids, flavonols, is further categorized into quercetin,
kaempferol, myricetin, and isorhamnetin. Quercetin is the most prominently renowned of
the group, and can be found in onions, broccoli, apples, and berries. With its antioxidant
properties, quercetin is considered by some to be one of the most protective against
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reactive oxygen species (Lakhanpal & Rai, 2007). It has been shown to be especially
beneficial in terms of anti-inflammatory, anti-proliferative, and in altering gene
expression in a manner to benefit health. Antioxidative and anti-inflammatory effects of
quercetin seem to be more pronounced when oxidative stress and inflammation are high.
Quercetin may be especially helpful when both of these occur simultaneously within the
body (Boots, et al, 2008). Myricetin also joins quercetin as a powerful antioxidant in
foods, which has been shown to possess anti-carcinogen and anti-mutagenic properties
(Miean & Mohamed, 2001). Kaempferol is the third most studied flavonol, and has been
identified in various vegetables (French beans, onions) fruits, tea, and honey. This
phytochemical also serves as an anti-inflammatory flavonol, acting by decreasing
inflammatory markers such as C-reactive protein (Garcia-Mediavilla, et al, 2007).
Isorhamnetin is often researched in conjunction with quercetin and is most prevalent in
onions (Miean & Mohamed, 2001). Limited research is available on isorhamnetin in
human subjects, but extensive research has been conducted regarding its metabolic
effects in rats (Igarashi & Omuma, 1995, Sanchez, et al, 2007).
Flavones are a second major class of flavonoids and include the phytochemicals
luteolin and apigenin. The most common foods that belong to this group include parsley
and celery, and the skin of citrus fruit (Manach, et al, 2004). Flavones protect against the
proliferation and differentiation into detrimental cells and support apoptosis, which could
aid in disease prevention (Ross & Kasum, 2002). Some research suggests that flavones
appear to be the most powerful flavonoid for protecting the body against oxidation, or
reactive oxygen species (Nijveldt, et al, 2001).
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Flavanones consist of hesperetin, naringenin, eriodictyol, and are mainly found in
citrus fruit (Nijveldt, et al, 2001). These phytochemicals in citrus fruits have been known
as powerful antioxidants that scavenge free radicals (Benavente-Garcia, et al, 1997), both
by reducing the generation and/or release of free radicals into macrophages and by
diminishing free radicals in cell medium by binding to metal ions like iron and copper
(Benavente-Garcia & Castillo, 2008).
Flavan-3-ols are the most prominent class of phytochemicals found in foods.
Thirteen phytochemicals fall into this group: catechin, catechin-3-gallate, gallocatechin,
epicatechin, epigallocatechin, epicatechin 3-gallate, epigallocatechin 3-gallate, theaflavin,
theaflavin 3-gallate, theaflavin 3’-gallate, theaflavin 3,3’ digallate, and thearubigins. Of
these flavan-3-ols, the most widely researched and understood are catechins, epicatechin,
epigallocatechin, epicatechin-gallate, and epigallocatechin-gallate (Aron & Kennedy,
2008). A major food source of flavan-3-ols is tea, which is rich in catechins. Most of the
U.S. population consume their flavan-3-ols and flavanols primarily through tea alone
(Song & Chun, 2008). Flavan-3-ols, like flavanones (Benevente-Garcia & Castillo,
2008), are well known for scavenging free radicals; this is due to their ability to bind to
metals such as iron and other essential minerals, which limits the growth of invasive cells
or microorganisms by preventing essential mineral depletion (Aron & Kennedy, 2008).
The last category of flavonoids in this study is the anthocyanidins, which included
the six most common anthocyanidins: cyanidin, delphinidin, malvidin, pelargonidin,
peonidin, and petunidin (UMNCC, 2013). Over 635 anthocyanins have been identified in
nature, making them one of the larger groups of phytochemicals. Anthocyanins are most
abundant in red and purple colored fruits and vegetables, such as berries, cherries, grapes,
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pomegranate, black currant, red onions, eggplant, purple cabbage, and purple sweet
potatoes (He & Giusti, 2010). This group of phytochemicals also possess potent
antioxidant qualities (Ross & Kasum, 2002); they terminate the chain reaction
responsible for cell damage, as well as aid in immune system function, cell signaling, and
other body functions (He & Giusti, 2010).
Vitamins E and C
Vitamin content in fruits and vegetables also have beneficial properties for human
health. Fat-soluble vitamin E, and the water-soluble vitamin C can contribute to the
health benefits for the body by serving as antioxidants (Sies & Stahl, 1995), and are the
vitamins included in this study. Both of these vitamins fight against cell damage, similar
to a number of phytochemicals (U.S. National Library of Medicine, 2015).
Vitamin E is a fat-soluble vitamin that protects against oxidation. Among its
many functions, Vitamin E is responsible for immune system support, as well as
supporting the formation of red blood cells as it helps the body utilize Vitamin K. Cells
use Vitamin E to interact with each other to carry out body functions. Vitamin E is found
in: vegetable oils, nuts, seeds, some green leafy vegetables (broccoli, spinach), and
fortified in cereals (U.S. National Library of Medicine, 2015). All of the forms of
Vitamin E have naturally occurring antioxidant properties, but the human body primarily
utilizes alpha-tocopherol. Vitamin E protects from oxidation by altering membrane
properties to protect oxidizable lipids, making their specific vitamin function to protect
long chain polyunsaturated fatty acids in order to maintain concentrations for essential
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cell signaling needs (Traber & Atkinson, 2007). This is especially important in order to
maintain neurological function in neural and brain tissues (Burton & Traber, 1990).
Vitamin C is an essential nutrient and a water-soluble antioxidant that protects the
body from oxidative stress by acting as a cofactor in enzyme activity. Common food
sources of Vitamin C include: cantaloupe, grapefruit, honeydew, kiwi, mango, orange,
papaya, strawberries, tangelo, tangerine and watermelon (Padayatty, et al 2003). Vitamin
C also functions by producing proteins that can help heal wounds and form scar tissue
repair and maintain cartilage, bones, and teeth (U.S. National Library of Medicine, 2015).
Vitamin C is notorious for its role in preventing scurvy; besides this proven benefit, there
is not any other proven benefit in human studies that Vitamin C alone has had an effect
on biomarkers of oxidation (Padayatty, et al, 2003). Lastly, Vitamins C and E work
together to elicit antioxidant properties. Vitamin C can regenerate the antioxidant
capacity of Vitamin E; Vitamin C does so by recycling oxidized Vitamin E (which can be
caused by oxidative stress), into its non-oxidized (antioxidant) form (Delage, Drake, and
Higdon, 2015).
Phytochemicals and Antioxidant Vitamins and their Role in Decreasing Chronic
Disease Risk Factors and Chronic Diseases
Among the many functions of phytochemicals and vitamins, there is a plethora of
research available that suggests that phytochemicals and vitamins can provide added
protective health benefits. Many epidemiological studies suggest that these nutrients can
help to prevent and protect the body against major co-morbidities such as cardiovascular
disease, obesity, cancer, diabetes, and inflammation.
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Cardiovascular Disease. Cardiovascular Disease (CVD) is the number one
leading cause of death in Americans; it is estimated that approximately 70 million
Americans live with CVD, which is costs approximately $403 billion dollars annually
(Aron & Kennedy, 2008). Oxidation of low-density lipoproteins (LDL) that carry
cholesterol into the bloodstream can have negative effects by promoting atherosclerosis
(Agarwal & Rao, 2000). However, carotenoids such as lycopene can protect against CVD
and coronary heart disease by protecting against LDL cholesterol oxidation and reduce
the risk of disease (Riccioni, et al, 2008). The protective relationship between lutein and
CVD risk, however, are inconclusive, therefore a causal relationship has not been
established (Granado, et al, 2003). Flavonoids have been found to possess antithrombotic properties by modulating platelet function in order to prevent blood clots
(Benavente-Garcia & Castillo, 2008). They have also been observed to have vasorelaxant
and vasoprotective effects of endothelium to promote coronary vascular function.
Flavonoid consumption has been found to be protective against heart disease by
protecting LDL particles and inhibiting LDL oxidation that can lead to disease
(Benavente-Garcia & Castillo, 2008, Nijveldt, et al, 2001).
Diabetes. Approximately 43 million people worldwide are suffering from
diabetes, with the rate expected to double by the year 2030. Some research shows that
plasma antioxidants are depleted in Type 2 Diabetics, and this depletion is a cause for
diabetes-related complications (Tiwari & Rao, 2002). Other research has found that free
radicals can promote the onset of diabetes and even complications related to diabetes.
Persistent hyperglycemia in diabetic individuals can lead to more oxidative stress through
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auto-oxidation of glucose and glycosylation. Antioxidants that scavenge free radicals can
help to decrease this risk (Devasagayam, et al, 2004).
Obesity. Obesity has become a worldwide concern in many industrialized
countries. An excessive accumulation of fat, as observed with obesity, is associated with
chronic low-grade inflammation, metabolic syndrome, insulin resistance, and
diabetes. Once the inflammatory cells are active, it could lead to a cycle of production of
inflammatory markers (cytokines), and impairment of adipose cell function. Adding to
this, obesity is associated with a higher incidence of many comorbidities, such as
diabetes, hypertension, dislipidemia, CVD, metabolic syndrome, lung diseases, cancers,
and neurological disorders. Phytochemicals have been shown to possess antiinflammatory effects and may also decrease the detrimental effects of obesity by
suppressing the growth of adipose tissue, inhibiting differentiation of preadipocytes,
stimulating lipolysis, and inducing apoptosis of existing adipocytes which can reduce
adipose tissue mass (Gonzalez-Castejon & Rodriguez-Casado, 2011). The use of multiple
phytochemicals could result in synergistic and enhanced effects by the phytochemicals
working together to combat obesity, due to many phytochemicals possessing antiinflammatory properties. (Gonzalez-Castejon & Rodriguez-Casado, 2011).
Cancer. There is evidence that suggests antioxidants can reduce the risk of cancer.
Some carotenoids protect against cancer by inducing apoptosis inhibiting the cell cycle
progression, stimulating the immune system, and/or lowering the production of
inflammatory mediators. Lycopene is believed to protect against prostate, breast, lung,
and stomach cancers (Seren, et al, 2008), with the role of lycopene and prostate cancer
being studied the most (Rao & Rao, 2007). The inverse association of lycopene intake
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with the development of prostate cancer is an effect not observed in any other carotenoid.
The exact role of lycopene in cancer is yet to be determined (Agarwal & Rao, 2000).
Evidence of a relationship between lutein and cancer risk is sparse and inconsistent
(Granado, et al, 2003).
Flavonoids act anti-carcinogenic by scavenging free radicals, inducing apoptosis,
and modulating enzyme activity connected to detoxification and stimulation of DNA
repair in the immune system (Aron & Kennedy, 2008). Flavonoids can also interact at
different stages of malignant cancer or tumor development by inhibiting the genes that
are pro-carcinogenic, and activating the systems responsible for detoxification.
Flavonoids have shown to inhibit proliferation in many kinds of cancers, including
leukemia and melanoma. They have been found to possess anti-invasive and antiangiogenic qualities that prevent metastasis and tumor growth, respectively (BenaventeGarcia & Castillo, 2008, Nijveldt, et al, 2001).
In a review on the effect of flavonoids and cancer risk, Block et. al. conducted an
epidemiological review of 200 studies examining the relationship between fruit and
vegetable intake and the incidence of lung, colon, breast, cervix, esophagus, oral cavity,
stomach, bladder, pancreas, and ovary cancers. Out of 156 studies reviewed, 128 found
that fruit and vegetable consumption provided a significant protective effect against
cancer. In those whose fruit and vegetable intake was low, it doubled the risk of cancer in
individuals. Additionally, 24 out of 25 studies showed significant protection against lung
cancer, 26 out of 30 studies showed a protective effect of fruit and vegetable intake in
pancreas and stomach cancers, and 23 of 38 showed the same for colorectal and bladder
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cancers. Fruits consumption specifically was found to be significantly protective against
esophageal, oral cavity, and larynx cancers (Block, et al, 1992).
Inflammation. With the exception of lycopene, carotenoids have been observed to
be inversely associated with markers of inflammation, oxidative stress, and endothelial
dysfunction (Hozawa, et al, 2007). Serum carotenoids may affect the oxidative stress
pathway that leads to atherosclerosis. In addition, smoking can alter the effectiveness of
serum carotenoids and their response to inflammation; since oxidative stress is higher in
smokers, carotenoids may have to work harder in order to provide the same protective
benefits (Hozawa, et al, 2007).
Flavonoids possess anti-inflammatory properties that can fight against
inflammation and control the inflammation response. Plants rich in flavonoids (such
as citrus fruits) have been used for their anti-inflammatory properties, and have been
considered as potential anti-inflammatory agents over most anti-inflammatory drugs, due
to their availability and low cost (Benavente-Garcia & Castillo, 2008). Quercetin is a
flavonoid that inhibits oxygenation activities, therefore inhibiting the formation of
inflammation/inflammatory factors (Nijveldt, et al, 2001).
Appendix A shows food sources of the two main classes of phytochemicals in
many fruits and vegetables.
Consumption of Foods Containing Phytochemicals and Changes in Biomarkers: A
Summary of Studies
A summary of current and past research was conducted to determine what
research already existed regarding phytochemical intake among children and adolescents.
Specifically, research was looked at to determine what effects fruit and vegetable

19

consumption have on inflammation markers in humans. The following summarizes
existing human studies that demonstrate changes in biomarkers associated with
inflammation and chronic diseases, upon consumption of phytochemicals as whole foods
in various concentrations.
While an inverse association of antioxidant intake and dietary flavonoid intake
with inflammation markers, oxidative stress, the incidence of stroke, and heart disease
has been observed in adults, there is not adequate (if any) information regarding the same
measures in youth. However, one particular study examined if greater intakes of fruit and
vegetables, antioxidants (Vitamin C and beta-carotene), folate, and total and individual
flavonoids, were inversely associated with markers of inflammation and oxidative stress
in adolescents (Holt, et al, 2009). Dietary intake was assessed using a food-frequency
questionnaire for 285 adolescent females and males between the ages of 13-17 years, and
was recorded two times on average: during the 13 year mark and the 15 year mark of the
participant. Biomarkers were collected through blood samples and urine tests at an
average participant age of 15 years. Specific markers of inflammation of focus in this
study included C-reactive protein (CRP), interleukin-6 (IL-6), tumor necrosis factor-Į
[TNF-Į@DQG-keto-dihydro-PGFĮ [PGFĮ]) metabolite, and oxidative stress (8-isoFĮ[F2-isoprostane]).
Results of this study showed an inverse relationship of Vitamin C, beta-carotene,
folate, fruit and vegetable intake, and flavonoid consumption with markers of
inflammation, and oxidative stress. An inverse relationship was observed between
Vitamin C and inflammatory markers CRP and IL-6, and oxidative stress. Beta carotene
intake was inversely associated with IL-6 and TNF-ĮZKLOHIRODWHLQWDNHZDVLQYHUVHO\
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correlated with CRP and F2-isoprostanes. Fruit and vegetable intake was inversely
associated with markers of inflammation and oxidative stress: fruit intake was inversely
associated to CRP, legume and vegetable servings were associated to lower
concentrations of IL-6, and the vegetable group was inversely associated with TNF-Į
Total fruit and vegetable intake showed a significant inverse relationship with CRP,
TNF-Į,/-6, and F2-isoprostanes, but not PGFĮ Additionally, flavonoid consumption
(intakes of flavonols) was inversely related to F2-isoprostanes. This study shows that a
diet rich in fruits and vegetables, including flavonoids, beta-carotene, and Vitamin C, has
a positive effect on inflammation and stress in adolescents. This suggests that the same
effect on markers if introduced early in life, could become stronger as life progresses,
further magnifying its effects and beneficial in reducing disease risk (Holt, et al, 2009).
One study observed predictors of subclinical inflammation in Swiss children
(Aeberli, et al, 2006). There is a correlation of subclinical inflammation with metabolic
syndrome, but this association between adiposity and inflammation had limited data
available in regards to children. Since decreased antioxidant concentrations and
decreased antioxidant capacity is characteristic of obese children, researchers
hypothesized the decreased antioxidants would affect inflammation markers in obese
children. The effects of dietary fat or antioxidant intake and their influence on certain
inflammatory markers (including WXPRUQHFURVLVIDFWRUĮ 71)-Į LQWHUOHXNLQ ,/-6),
C-reactive protein (CRP), and leptin) were studied in overweight children. Children
between the ages of 6-14 living in Switzerland were recruited for the study, 25 children
of each body type (normal-weight, overweight, and obese). Two 24-hour dietary recalls
were conducted, as well as a one-day food record at their homes. Blood samples were
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collected to measure inflammation markers, as well as weight, height, and waist and hip
circumferences were measured.
Results showed that in some Swiss children as young as 6 years old, increased
adiposity was indicative of an increase in three inflammatory markers: IL-6, CRP, and
leptin. This study did not find a strong relationship between adiposity and antioxidant
intakes: Vitamin C, E, and beta-carotene intakes were not indicative of subclinical
inflammation measured through IL-6 and CRP, but they were indicators of inflammation
and leptin levels in children. However, studies in young children such as this are
beneficial as they are not affected by other variables like chronic inflammatory
conditions, smoking, or alcohol use (Aeberli, et al, 2006).
Another study looked at the effect of fruit and vegetable intakes on certain proinflammatory markers (Hermsdorff, et al, 2010). The objective of this study was to
determine the association between fruit and vegetable consumption with inflammation
markers in young adults. Dietary intake was assessed for 120 subjects, both male and
female. Intake was recorded through food frequency questionnaires, anthropometric
measures were recorded to calculate BMI. Blood pressure was recorded and blood
samples were taken from each subject to observe pro-inflammatory levels.
Results showed subjects that consumed the highest amounts of fruits and
vegetables also had a lower BMI, waist circumference, blood pressure (both systolic and
diastolic), lower homocysteine concentrations, higher total antioxidant capacity, and
higher fiber consumption, when compared to the group with the lowest consumption.
Overall, the relationship between fruit and vegetable consumption and pro-inflammatory
markers were significant; this study found an inverse relationship between total
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antioxidant capacity with pro-inflammatory markers. Fruit and vegetable consumption
could be a major preventative factor in chronic inflammation, since young adults with a
high fruit and vegetable consumption had lower amounts of the cells implicated in heart
disease and metabolic syndrome. Researchers of this study discussed that fruit and
vegetable consumption and pro-inflammatory markers could potentially be biased by
body fat composition. However, even when controlling for confounding variables, the
trend between fruit and vegetables and pro-inflammation was maintained, meaning the
positive effects of fruit and vegetable consumption cannot fully be explained by body fat
composition. (Hermsdorff, et al, 2010). These results imply that positive effects of fruit
and vegetable consumption can be ascertained despite body composition, and fruit and
vegetable consumption can benefit any body type.
In The Coronary Artery Risk Development in Young Adults (CARDIA)/Young
Adult Longitudinal Trends in Antioxidants (YALTA) Study, researchers studied the
relationship of carotenoid concentrations to the incidence of cardiovascular disease, as
not enough information from previous research stated whether carotenoid concentrations
predicted values of inflammation markers (Hozawa, et al, 2007). The study was
conducted by observing the relationship between circulating carotenoids with
inflammation, oxidative stress, endothelial function, and smoking. 5,115 individuals
participated in the study, from various locations across the United States. Serum
carotenoid levels were measured at Years 0 and Year 7 of the study, as well as alcohol
use, smoker/nonsmoker status, height and weight, and whole blood was drawn.
Results showed that in Year 0 total energy intake correlated with total intake of
carotenoids. Significant inverse relationships were seen between carotenoids and in
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inflammatory markers: leukocytes, CRP, and fibrinogen. This inverse effect may be
observed in smokers, but may not have been as effective due to the mechanisms of
inflammatory pathways working less effectively in smokers. This study concluded that
serum carotenoids were inversely associated with inflammation markers, oxidative stress,
and endothelial function, which supports previous research that states an inverse
relationship between carotenoids and cardiovascular disease (Hozawa, et al, 2007).
Therefore, increasing fruit and vegetable consumption can increase the consumption of
carotenoids, which can protect against cardiovascular disease through the moderation of
inflammatory markers.
The results of these studies summarize the effect of phytochemicals through the
consumption of fruit and vegetables and their effects on various inflammation markers in
humans. These studies are unique in that they focus on youth, or children and
adolescents, whereas most research that has been conducted thus far in regards to
inflammation and health has been conducted in adults. Research in the youth population
can prove to be beneficial because adolescents are not affected by variables that could
influence dietary factors in the adult population (Aeberli, et al, 2006, Holt, et al, 2009).
A diet rich in fruits and vegetables has a positive effect on inflammation and stress in
adolescents (Holt, et al, 2009), and these positive effects can benefit any body type. This
information means that fruit and vegetable consumption early in life has the potential to
further amplify the protective effects of phytochemicals later in life, through continued
fruit and vegetable consumption.
Table 2.1 shows a summary of results from all studies discussed, of various
dietary factors and their influence on specific inflammatory factors listed.
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Table 2.1. Summary table of various dietary factors and their influence on inflammation markers.
Summary of Studies: Increased Intake Compared w/ Inflammatory Factors
Study
Holt 2009
Aeberli 2006

Type of Increased
Intake^
Vitamin C

CRP

IL-6

Ļ

Ļ

ஓ-carotene

Holt 2009

Folate

Ļ

Holt 2009

Fruit*

Ļ

Holt 2009

Vegetable+
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Total FAV

PGFĮ

F2-isoprostane

Oxidative
Stress

Leptin

Homocysteine

Leukocytes

General Markers
of Inflammation

Ļ
Ļ

Holt 2009

Holt 2009
Hermsdorff
2010
Holt 2009

TNFĮ

Ļ

Ļ
Ļ
Ļ

Ļ

Ļ

Ļ

Ļ

Ļ

Ļ

Ļ

Ļ

Ļ

Ļ
Ļ

Flavonoids

Aeberli 2006

Adiposity

Ĺ

Ĺ

Aeberli 2006

Total Fat Intake

Ĺ

Ĺ

Hozawa 2007

Total Carotenoid

Ļ

Ĺ
Ļ

^type of intake as indicated
FAV= Fruit and Vegetable
*citrus fruit, berries, melon, apples, pears, peaches, plums, and dried fruit
+ green leafy vegetables, cruciferous vegetables, carotenoid containing vegetables, and miscellaneous vegetables
Ļ GHFUHDVHĹ LQFUHDVH

Ļ

Ļ

Consumption of a Healthy Diet in Youth Promotes Healthy Eating Habits as an
Adult
Adequate nutrition during childhood and adolescence is essential to proper growth
and development through the early life stages, and is not achieved through appetite or
food preference, but rather through the maintenance of proper dietary habits (Omidvar &
Begum, 2014). Childhood plays an important role in the development of food
preferences, and establishing healthy food preferences can lead to health benefits later in
life (Mikkila, et al, 2004). Childhood diet has been found to be a significant determinant
of diet in adulthood. When food consumption was assessed in children and then later
followed up in adulthood with the same children, intake of vegetables in childhood was
predictive of health behaviors in adulthood (Mikkila, et al, 2004). Often times, poor
eating habits develop during childhood (Ogden, et al, 2002). In adolescence, the
development of healthy or unhealthy habits is a critical aspect in the influence of chronic
disease development later in life (Amine, et al, 2002). School-based programs, such as
the Healthy Hunger-Free Kids Act, can help to change diets and reduce unhealthy
behaviors (Epstein, et al, 2008).
Healthy eating behaviors in childhood, once sustained, can lead to healthy habits
that continue later in life. Encouraging children and adolescents to consume a diet with
plenty phytochemical-rich fruits and vegetables can lead to healthy habits that carry on
into adulthood, and in the process can provide benefits such as reducing the risk of
prevalent chronic diseases throughout one’s life.
Healthy Hunger-Free Kids Act
The federal government has recognized the need to promote healthier eating
behaviors in childhood, and does this through policy changes. Senate Bill 3307, better
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known as the Healthy Hunger-Free Kids Act (HHFKA), was passed in 2010 and
implemented in school lunches in 2012. This act was mandated as an update to the Child
Nutrition Act of 1966, and was separated to address childhood hunger in the following
categories: ending childhood hunger, reducing childhood obesity and improving the diets
of younger children, and improving the management and integrity of childhood nutrition
programs. Furthermore, these categories are addressed through the National School
Lunch Program (NSLP), Summer Foodservice Program (SFP), Child Care and Adult
Food Program (CCAFP), and through the Special Supplemental Nutrition Program for
Women, Infants, and Children (WIC) (Healthy, Hunger-Free Kids Act, 2010). At the
time of the bill passing, approximately 31 million children received meals from the
school lunch program and many of these children received most of their meals through
school feeding programs. Furthermore, 17 million children were living in food insecure
households with 1 in 3 American children overweight or obese. To address these
nutritional issues, HHFKA legislation aimed to improve food options, educate children to
make healthy food choices, and teach healthy habits that they can carry on into
adulthood. Previous regulation included a minimum requirement for amount of fruits and
vegetables to be served and only encouraged whole grains to be served. In comparison,
the HHFKA requires that schools increase the amount and variety of fruits and vegetables
served as well as requires that whole grains be served. Additional regulations under
HHFKA require meals to have a minimum and maximum level of calories, reduce
saturated fat, sodium, and trans fat (ChangeLab Solutions, 2012). The required changes to
school menus as a result of the HHFKA is listed below in Table 2.2 (United States
Department of Agriculture [USDA], 2012).
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Table 2.2. Changes required in school menus upon implementation of the Healthy
Hunger-Free Kids Act
Required Change
Offer as two separate meal components
Fruits & Vegetables

Fruits

Vegetables

Whole Grains

Students must select a fruit or a vegetable as part of
the reimbursable meal
Offer daily at breakfast and
lunch
Offer daily at lunch, including specific vegetable
subgroups weekly (dark green, orange, legumes,
and other as defined in the 2005 Dietary
Guidelines) and a limited quantity of starchy
vegetables throughout the week
Half of the grains would be whole grain-rich upon
implementation of the rule and all grains would be
whole-grain rich two years post implementation

Dairy

Fluid milk must be fat-free
(unflavored and flavored) and low-fat
(unflavored only)

Meat

Daily meat/meat alternate at breakfast

Calories

Meals must meet specific calorie ranges for each
age/grade group

Sodium

Reduce sodium content of meals gradually over a
10-year period through two intermediate sodium
targets at two and four years post implementation

Trans Fat

Meals should be prepared with food
products/ingredients with zero grams of trans fat, 0
grams per serving

(USDA, 2012).
Funding for the HHFKA reauthorized child nutrition program allotted $4.5 billion
in funding for nutrition programs over the next ten years. HHFKA goals are to improve
nutrition, focus on childhood obesity, increase food access, and increase program
monitoring and integrity.
Improve Nutrition and Focus on Childhood Obesity. The HHFKA officially authorizes
the USDA to set nutritional standards for foods sold during the school day. This includes
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food provided in vending machines and “a la carte” lunch lines. In addition, funding is
provided to schools to update the USDA-set nutritional standards. This focus allows for
schools to emphasize local foods by helping to establish community and school gardens,
improve nutritional quality of commodity foods, and expand access to drinking water.
Additional support is given to set basic standards for school wellness policies, promote
nutrition and wellness in childcare settings, and expand support for breastfeeding in the
WIC program (Let’s Move!, 2010).
Increase Access. HHFKA increases meal access to children by using Medicaid data to
increase the eligible amount of children enrolled by 115,000 students. School-wide
eligibility is improved through the use of census data in order to allow for more universal
meal access. The USDA also gets jurisdiction here to support meals served to at-risk
children during afterschool programs (Let’s Move!, 2010).
Increase Program Monitoring and Access Integrity. HHFKA requires schools to be
audited every 3 years to monitor compliance, and requires them to make nutritional
information more readily available. This act also provides opportunities for schools to
provide training and technical assistance as needed for foodservice, and includes
stipulations to improve food safety throughout a school foodservice program (Let’s
Move!, 2010).
Controversy. The HHFKA was originally passed in 2010, and the first major changes
were implemented in school lunches in 2012. While the HHFKA was passed to improve
nutrition for school-aged children, it has received some pushback since its
implementation. Media outlets such as Huffington Post (Katz, 2012, Hill, 2012), NPR
(Headlee, 2012), and US News and World Report (Taub-Dix, 2012), reported the
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controversies regarding this act, with one of the main issues being plate waste. A plate
waste study conducted in four Boston middle schools found that students’ lunch waste
from grades 6-8 was estimated to be about $432,349.05 annually. Approximately
$279,176.17 of this was food prepared in the cafeteria, and over 26.1% of the budget was
associated with discarded foods (Cohen, et al, 2013). Applying this degree of food waste
to a school district or a federal program as a whole could translate to costing the program
millions of dollars. Despite this pushback, other studies have found that the
implementation of HHFKA has not increased plate waste, and has rather increased fruit
selection in the lunch line from 54-66%, with fruit consumption at an overall high of
74%. Entrée consumption also increased from 71% to 84%, which actually has
decreased waste (Schwartz, et al, 2015). Some other research has shown that using
creative and fun games can counter plate waste that does occur and can increase fruit and
vegetable consumption (American Heart Association, 2015). Other studies have
identified other benefits of the HHFKA, such as children eating 16% more vegetables and
23% more fruit at lunch, over 90% of schools reporting successfully meeting the updated
nutrition standards, and revenue is up by $200 million dollars. In addition to this, the
USDA is willing to work with schools that do receive pushback or face challenges to
provide the flexibility and guidance as needed to reach successful implementation status
(USDA Food and Nutrition Service, 2014). In general, there have been challenges, but
school meals have become healthier and the challenges that schools have faced are
expected to resolve over time (American Heart Association, 2015).
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Educating Youth about Nutrition
Nutrition interventions during adolescence have the potential to alter dietary
behaviors and foster healthy eating habits that can affect health not only at that time, but
can promote lifelong healthy eating habits (Hoelscher, et al, 2002; CDC, 1996). Schools
have an advantage in that they have the potential to influence students’ beliefs and
attitudes regarding nutrition and weight control (Carter, 2002). Nutrition education in the
school setting can positively influence healthy food knowledge (Kelder, et al, 1995). The
Fighting with Food: Battling Chemical Toxicity with Good Nutrition program is a
prominent program that sought to use the school setting to teach how nutrition can reduce
the risk from everyday environmental contaminants. This program sought out to create,
test, and assess middle and high school class instructional materials that bring current
research on nutrition and chemical toxicity into the classroom while also incorporating
best practices in STEM education, in order to lead to greater academic achievement and
improved food choices in students (Hershberger, et al, 2011).
The study of the relationship between nutrition and environmental contaminants is
a growing field, and research is showing the benefits of nutrition in fighting the negative
effects of toxic chemicals. Current research on chemical toxicity shows many
contaminants in the environment that have the potential to elicit negative health
consequences, especially pollutants from heavy metals and persistent organics. Heavy
metals (cadmium, mercury, lead, and arsenic) have known to cause kidney, skeletal,
nervous system, and lung damage; personality changes; diminished intellectual capacity
in children; and skin and lung cancer (Jarup, 2003). Persistent organics (pesticides,
dioxins, and polychlorinated biphenyls [PCBs]) have contributed to increased mortality
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and hospital admissions due to exposure (Kampa & Castanas, 2008). Additionally,
persistent organic pollutants encourage obesity and have been linked to an increased risk
of Type 2 Diabetes, and adipose tissue also promotes the storage of persistent organics
(Lee, et al, 2014). Overall, current research shows these environmental contaminants
have been observed to cause negative effects to the body’s systems, including the nervous
system, digestive system, and urinary system, as well as increase risks to co-morbidities.
The Fighting Foods program used this research as a background to educate
school-aged youth about nutrition and its effect on environmental contaminants. The
reason for educating students on this relationship was to teach them that nutrition could
influence health and disease risks related to chemical toxicity. This project teaches that
nutrition could be the most cost effective and time effective way to combat
environmental contaminants. The project is collaboration between the Center for
Chemistry Education at Miami University, the University of Cincinnati Department of
Environmental Health, the University of Kentucky Superfund Research Project, and
middle and high school educators. The University of Kentucky Superfund Research
program is the only known program in the nation that focuses on the relationship between
nutrition and chemical toxicity; their research focuses on the relationship of various
environmental contaminants with common co-morbidities such as cardiovascular disease,
cancer, obesity, and hypertension (Hershberger, et al, 2011).
Nutrition intervention has been suggested to provide beneficial effects against
environmental contaminants, and this intervention in the Fighting Foods program is
implemented through science classes in schools (Hershberger, et al, 2011). Nutrition
education in schools has been used before to help children understand basic nutrition
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concepts. Learning about food plays a significant role in how children respond to food,
whether or not they develop food habits or preferences. Additionally, repeated exposure
to a food increases the likelihood to accept the food (Wardle, et al, 2003). This
acceptance of food by children is influenced mostly by external cues, and mostly from
peer influence. The food habits children form lead to the cognitive processes that form
attitudes and beliefs about food and eating. These attitudes and beliefs are a significant
factor in control of food intake as an adult (Westenhoefer, 2001). The Fighting Foods
project uses nutrition education incorporated into science classes to teach healthy eating
habits to adolescents. However, what makes the Fighting Foods project unique is that it
uses a non-traditional method to teach students nutrition. By pairing science education
with unique lessons, such as the study of implications of toxicity and nutrition,
cooking/tasting experiences, class discussions, and community engagement, teens have
different opportunities to lead them on a path to healthier eating. The project educates
students using this science background based on current research in the realm of nutrition
and toxicity. The researchers believed that doing so could aid in the establishment of a
“healthy eater identity” without creating a stigma for teens for making poor food choices
and prevent any negative attention to teens that faced nutritional or other health concerns.
(Hershberger, et al, 2011).
Effectiveness of Education Methods
Teaching nutrition knowledge through education in schools must be evaluated for their
effectiveness and their limitations. Nutritional knowledge can be related to food
behaviors and has been significantly related to healthy eating (Worsley, 2002). When
individuals had nutrition knowledge on disease prevention, their fruit and vegetable
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consumption were closer to dietary recommendations than those without the nutritional
knowledge (Harnack, et al, 1997). Possessing proper nutritional knowledge has been
observed in previous research to be correlated with food intake, and increasing age and
type of school significantly correlates with nutritional knowledge. Some research
suggests that adolescent girls usually have more knowledge than adolescent boys
(Kersting, et al, 2008). Nutrition education is limited by intelligence level, education
level, and cognitive developmental stages (Westenhoefer, 2001), level of interest in
nutrition (Worsley, 2002), age, occupation (De Vriendt, et al, 2009), and sample size of
studies (Kersting, et al, 2008). These limitations suggest that these groups have an
increased need of nutrition education, and justify the significance of nutrition education
(De Vriendt, et al, 2009) like the Fighting Foods project. The effectiveness of education
methods is also limited in some ways due to the scarcity of evidence regarding whether
nutrition education can be effective. Poor knowledge of food as a child, as well as little
buying and preparation knowledge are thought by some professionals to be a limitation to
getting that nutritional education. Lastly, nutrition knowledge can be shared or taught, but
consumers usually translate the knowledge the way they prefer (Worsley, 2002).
Successful nutrition programs have used behaviorally based theories for the
developmental framework, included an environmental component, delivered an adequate
number of lessons, and emphasized developmentally appropriate strategies (Hoelscher, et
al, 2002). Essentially, successful nutrition programs consider and incorporate many
factors in providing effective nutrition education, such as teaching method, environment,
age, and duration of program or lessons. School-based health education interventions
[Fighting Foods] can be strengthened by complementary community-wide strategies
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(Kelder, et al, 1995), such as the HHFKA. Nutritional knowledge may be more effective
if it is initiated at a younger age, and should be combined with environmental prevention
(i.e. school environment) (Sichert-Hellert, et al, 2011). HHFKA, as well as the Fighting
Foods programs are both interventions that use school environment, cafeteria and
classroom, to provide environmental prevention through exposure and teaching
nutritional knowledge. Both Fighting Foods program and the HHFKA are important
interventions that encourage healthy eating behaviors on different levels: Fighting Foods
is school-based education strategy and HHFKA is a federal policy strategy affecting
nutrition in all public school communities. School based nutrition education should
consider the needs and interests of the students, teacher and school, meaning that all these
groups in the school setting should be equally involved in nutrition education initiatives
(Perez-Rodrigo & Aranceta, 2003). Incorporating the Fighting Foods program and the
HHFKA will do that, and lead to better nutrition outcomes for students.
Summary
Phytochemicals are plant foods in fruits and vegetables that have been found to
benefit human health (Seeram, et al, 2004, Zhang, et al, 2008). Body cells and tissues are
continuously threatened by the damage caused by free radicals and reactive oxygen
species, which are produced during normal oxygen metabolism or are induced by
exogenous damage (Nijveldt, et al, 2001). Diets rich in fruits and vegetables are
associated with lower risk of cardiovascular disease, obesity, inflammation, and cancer,
and dietary phytochemicals can act to combat against these disease states. Including both
types of phytochemicals, carotenoids and flavonoids, in the diet can help to reduce the
risk of chronic disease. Implementation of the HHFKA provides children and adolescents
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the opportunity to increase their intake of phytochemical-rich fruits and vegetables by
making these foods available through the school lunch program. The Fighting Foods
curriculum provides a means of educating youth about the health benefits of these
phytochemical-rich foods while teaching students about the core concepts of their science
classes, such as chemistry and biology. The lessons of the Fighting Foods curriculum
uses science-based concepts to explain how phytochemicals and nutrient components of
foods protect the body from the detrimental effects of environmental pollutants.
Providing students with nutrition knowledge in an environment supportive of increased
fruit and vegetable consumption may lead to healthy habits that these children and
adolescents can carry on into adulthood to potentially protect against negative health
consequences in life.
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Chapter Three
Methodology
The purpose of this study was to determine if, after the administration of
nutrition-themed science-based lesson plans students were able to correctly identify
fighting foods from their one-day in-school food record. Additionally, the select
phytochemical and vitamin content of school menus were evaluated to determine if the
HHFKA implementation increased the phytochemical and vitamin content of school
lunches. Therefore, the present study was broken down into the following parts:
assessment of application of knowledge, evaluation of school lunch menus for changes in
frequency of fruit and vegetable servings, and changes in select phytochemical and
vitamin content. The overall goal was to assess the frequency that students were able to
correctly identify fighting foods, determine whether incorporation of fruits and a variety
of vegetables from all vegetable sub-categories increased in school menus, and to assess
changes in select phytochemical and vitamin content of school lunch menus.
Fighting Foods Knowledge and School-day Food Log
The food log portion of the study was obtained as secondary data from a National
Center for Research Resources Science Education Partnership Award titled, Fighting
with Food: Battling Chemical Toxicity with Good Nutrition.
Invitations were sent to teachers in Indiana, Kentucky and Ohio that offered three
free graduate credits in chemistry for participating in the program. Informed consent was
collected for the teachers when they accessed the online study instruments and filled out
forms, which served as their signature for consent. Assent was collected from the parents
of students. Students were required to complete the Fighting with Foods curriculum
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because it was part of their class grade. However, they consented to have their results
included in the study and could withdraw at any time.
The Fighting with Foods study incorporated 8–10 sets of classroom instructional
materials into middle and high school chemistry, biology, general science or health
classes, designed to bring results of current research on nutrition and toxic exposure into
the classroom and to promote improved academic achievement and healthy food choices.
The lessons included such topics as “The role of antioxidants in reducing PCB-induced
inflammation” and “Is there a gene for liking broccoli”. Activities to reinforce concepts
included magazine-style background readings; hands-on chemistry investigations that
emphasized student-centered pedagogies; class discussions; and classroom cooking and
tasting experiences. Each lesson reinforced which nutrients and associated foods were
“fighting foods”.
For the lessons, teachers were taught the methods for collecting food records and
dietary recalls by faculty and graduate students credentialed as registered dietitians, from
the University of Kentucky-Superfund Research Center’s (UK-SRC) Community
Engagement Core (CEC). Members of the Fighting with Foods curriculum and materials
development team designed the “Student Food Log” collection form.
Fighting Foods Food Log Sample
Following the completion of two Fighting with Foods lessons over two weeks,
students were instructed to complete a one-day in-school food log that included only the
foods they consumed during one particular school day. The food logs were a simple onepage handout (Appendix B). Along with listing the foods eaten that day, students were
asked to estimate their serving size using a guide given on the same handout. Following
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this, the students were given instructions to mark the food group category they thought
their food fell under, given the food group categories of “fruit,” “vegetable,” “starch,”
“dairy,” “protein,” “fat,” and “sweets.” Lastly, they were asked to indicate whether or not
the food item was considered a “fighting food”. Individual student food logs were coded
to be kept confidential from the teacher and other students. The food logs were re-coded
by the Fighting with Food faculty to ensure additional blinding for review and evaluation
by the UK-SRC’s CEC faculty. A total of 717 youth aged 10-18 years from 16 middle
and high schools in Ohio returned the one in-school-day food log during school year (SY)
2014, with 468 completed as instructed.
The post-lesson food log data was used in this study as a means of assessing the
students’ ability to apply the information learned from the previously taught lessons by
completing their food log. Food logs were analyzed to determine the rate at which
students correctly identified “fighting foods” (Y) and “non-fighting foods” (N or blank).
The following foods and beverages were considered fighting foods and coincided with
instructional materials: fruits, vegetables, fruit or vegetable juices (fruit punch juices
were excluded), calcium-containing dairy products, and water. A food log was excluded
if the student did not mark on the fighting foods column (student left the column
completely blank).
Review and approvals were obtained from the appropriate ethics committees.
This study was conducted according to the guidelines laid down in the Declaration of
Helsinki and all procedures involving human subjects were approved by Miami
University’s and the University of Kentucky’s Institutional Review Boards.
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School Menus and Nutrient Content
School lunch menus were obtained from a set of feeder schools from a school
district in Indiana, which included elementary, middle and high school menus, used in
school years before implementation of the HHFKA (SY 2011-2012) and after the
implementation of the HHFKA (SY 2012-2013).
Data was analyzed each day for each fruit and vegetable item on the menu in a
four-week cycle. Due to the repetitive nature of the cycle menu and also due to the lack
of availability of an entire academic year of school lunch menus, the nutrient content of
the four-week cycle menu was repeated nine times for data analysis, to mimic the 180
days of a school year. Ingredient information for certain menu items was not available;
these days were excluded from analysis, leaving a total of 171 days for middle and high
school lunch menus and 156 days for the elementary school menus. Foods that were
excluded from analysis due to lack of information included the following items:
strawberry salad, dragon punch, tropical fruit salad, chips, spinach and lettuce salad, and
hummus.
From these menus, the change in the number of fruit and vegetables and variety of
vegetables offered pre- and post-HHFKA implementation was analyzed. Fruit and
vegetables listed for each of the included days of the four-week cycle menu for the
schools was categorized at each time point (N= 1428 items pre-HHFKA, 1551 postHHFKA). Each fruit was categorized as fruit, and each vegetable was categorized using
the USDA MyPlate vegetable sub-categories: dark-green, starchy, red and orange, beans
and peas, and other vegetables. Vegetables that identify in the ‘dark green’ vegetables
category include: leafy greens such as spinach, collard greens, broccoli, kale, romaine

40

lettuce, dark green leafy lettuce, mustard greens, bok choy, mesclun, turnip greens, and
watercress. Vegetables that fall into the ‘starchy’ category include: corn, potatoes, green
peas, green lima beans, cassava, plantains, cowpeas, black-eyed peas (not dry), taro, and
water chestnuts. Vegetables that fall into the ‘red and orange’ vegetable category include:
carrots, red peppers, sweet potatoes, tomatoes, tomato juice, pumpkin, and acorn,
butternut, and hubbard squash. The ‘beans and peas’ category include black beans, dry
black-eyed peas, garbanzo beans (also known as chickpeas), kidney beans, lentils, navy
beans, pinto beans, soybeans, split peas, white beans. Lastly, the ‘other vegetable’
category includes other vegetables that do not fall into the aforementioned vegetable
categories, such as artichokes, asparagus, avocado, bean sprouts, beans, brussels sprouts,
cabbage, cauliflower, celery, cucumbers, eggplant, green beans, green peppers, iceberg
(head) lettuce, mushrooms, okra, onions, turnips, wax beans, zucchini (USDA MyPlate,
2015). These fruit and vegetable sub-categories were coded and then analyzed to
determine frequency served pre-HHFKA and post-HHFKA.
Additionally, the select phytochemical and vitamin content from the menus was
analyzed. Each fruit and vegetable item on the school menu was identified for analysis.
Data was collected pre and post-HHKFA, for each school (elementary, middle, and high
school), and for all schools combined. Because the ‘fresh fruit’ offerings varied
throughout the school year, the phytochemical and vitamin content for a standard serving
of each fruit was combined and averaged, to be used in the menu analysis each time a
fresh fruit was offered on the menu. The combined fresh fruit variable used for pre- and
post- HHFKA menus and included nutrient content from apples, oranges, bananas, kiwi,
red grapes, peaches, and pears.
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Data was collected and analyzed using Nutrition Data System for Research
(NDSR) software version 2014, developed by the Nutrition Coordinating Center (NCC),
University of Minnesota, Minneapolis, MN. NDSR is a dietary analysis tool designed for
the analyses of dietary information such as food records, menus, and recipes (Nutrition
Data System for Research, 2014). This software was used along with the NCC Flavonoid
and Proanthocyanidin Provisional Table (UMNCC, 2013), also created by the NCC to
collect nutrient data. Data compiled into this provisional table was obtained from the
USDA Database for the Flavonoid Content of Selected Foods, Release 3.0 (Bhagwat, et
al, 2011), and the USDA Database for the Proanthocyanidin Content of Selected Foods
(USDA, 2004) (UMNCC, 2013).
NDSR was used to obtain carotenoid and vitamin content of available fruits and
vegetables that were listed in the school lunch menus, and the NCC Flavonoid and
Proanthocyanidin Provisional Table was used to estimate the flavonoid content. The
phytochemicals and vitamins measured included flavonoids, carotenoids, and vitamins C
and E. The carotenoid category was composed of beta-carotene, alpha-carotene, betacryptoxanthin, lutein and zeaxanthin, and lycopene. The flavonoids in this study include
27 total flavonoids that are grouped into five categories: flavonols, flavones, flavanones,
flavan-3-ols, and anthocyanidins. The flavonoids included in each of the five categories
are listed below.
Ɣ Flavonols: Quercetin, Kaempferol, Myricetin, Isorhamnetin
Ɣ Flavones: Luteolin, Apigenin
Ɣ Flavanones: Hesperetin, Naringenin, Eriodictyol
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Ɣ Flavan-3-ols: Catechin, Catechin-3-gallate, Gallocatechin, Epicatechin,
Epigallocatechin, Epicatechin 3-gallate, Epigallocatechin 3-gallate,
Theaflavin, Theaflavin 3-gallate, Theaflavin 3’-gallate, Theaflavin 3,3’
digallate, Thearubigins
Ɣ Anthocyanidins: Cyanidin, Delphinidin, Malvidin, Pelargonidin,
Peonidin, Petunidin
(UMNCC, 2013)
This data was then further used to assess the average nutrient content and average
phytochemical content before and after the implementation of the HHFKA.
Data Analysis
All food log data was analyzed using Microsoft Excel. Knowledge of fighting
foods for each student was determined by calculating the percentage of correctly
categorized fighting foods on food logs. This percentage was obtained by dividing the
number of correctly categorized foods by the total number of foods listed on the student’s
food log. Individual scores were combined to determine the average values of correctly
identified fighting foods, number of fighting foods recorded, correct answers, incorrect
answers, and overall percentage for the entire sample. The standard deviation was
calculated for all average values of the group in Excel.
The remaining data analysis for this paper was generated using SAS software,
Version 9.4 of the SAS System. Copyright © 2014 SAS Institute Inc. SAS and all other
SAS Institute Inc. product or service names are registered trademarks or trademarks of
SAS Institute Inc., Cary, NC, USA. SAS (pronounced sass), is an acronym for “statistical
analysis system” (SAS, 2014).
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The menus were analyzed using SAS with the following statistics: frequency
tests, Chi Square analysis and standardized residual test, mean difference tests, and paired
t-tests. The frequency tests analyzed the amount of fruit and vegetable sub-categories that
were served on the menus both before and after the HHFKA. The Chi-Square analysis
and standard residuals were used to identify significant changes (P<0.05) in the
frequency of a fruit and vegetable category between pre- and post-implementation of
HHFKA; any standardized residual greater than + 1.96 is indicative of a significant
change in that particular category.
Average content for select phytochemicals and vitamins was calculated for each
day by averaging the select phytochemical and vitamin content for every fruit and
vegetable listed (for every day) in Excel. The averages were collected by type of school
(elementary, middle, and high school), and the data from all three schools were combined
to obtain the average phytochemical and vitamin data for all schools. The average values
for each variable were calculated along with the mean differences in each variable
between the two time periods in SAS. The mean difference data was reported by type of
school and for all schools combined. Paired t-tests were used to assess significant
changes in vitamin and phytochemical content in the menus before and after the HHFKA.
Significant associations between variables was determined at P<0.05.
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Chapter Four
Results
Fighting Foods Lessons Student Food Logs
Individual student scores on the post-lesson food logs were calculated and
averaged to obtain mean scores for the entire sample, to evaluate their understanding of
nutrition being protective against environmental contaminants. Overall, students recorded
consuming a mean of 1.88 fighting foods during the school day, and correctly identified a
mean of 1.56 of said foods (Table 4.1). Approximately, 71% of the time students
correctly identified which food listed in their food log were Fighting Foods.
Table 4.1. Assessment of completed student food logs after Fighting Foods lessons
Summary of Food Log Scores*
# of Fighting Foods Actual # Fighting # Correct
# Incorrect Percent Score
Recorded
Foods
(Total)
1.88 + 1.59
1.56+ 1.33
3.17+ 1.83
1.34+ 1.31
71% + 27%
*values represent the entire sample of food logs as mean scores + standard deviation

Changes in the Amount of Fruit and Vegetable Sub-categories Served in School
Lunch Menus
Since the amounts of fruits and vegetables served in the schools changed upon
implementation of HHFKA, the change in the frequency of fruits and of each vegetable
sub-category served was determined before and after the HHFKA.
A change of at least 4% was observed in many of the fruit and vegetable subcategories in the schools. In the elementary schools, an increase of 4% or greater was
observed in the frequency of dark green vegetables and red and orange vegetables; the
frequency of beans and peas increased by over 2%, while the frequency of starchy
vegetables, other vegetables, and fruits decreased after the implementation of HHFKA,
with the fruit decreasing the most by over 8% (Figure and Table 4.1). The middle
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school’s frequency of vegetables served was distributed similarly to the elementary
school frequency. The frequency of the leafy green vegetable group increased by just
over 4%, and the red and orange had the highest increase in frequency in this school
group by over 7%. Starchy vegetables group, other vegetables group, and the fruit groups
showed a decrease in servings from their groups by over 4% for the starchy and fruit
group, and a decrease of over 5% in the other vegetable group (Figure and Table 4.2).
High school vegetable frequency showed an increase of over 4% in the dark green
vegetables and the fruit group, with an increase of red and orange vegetables served of
slightly below 4%. The highest decreases of the high school servings were observed in
the starchy vegetable group at just over 6% decrease, and in the other vegetables group
with a decrease in 8% of the amount of other vegetables served (Figure and Table 4.3).
A positive value in the tables indicates an increase in the servings of the particular
food group, while a negative value indicates a decrease in the servings of a group. There
was a significant increase in dark green and red and orange vegetables in each school,
with a significant increase in beans and peas in the middle school menus alone.
Significant decreases were seen in the other vegetables category in both middle and high
schools, along with significant decreases in the fruit in elementary menus and in starchy
vegetables in high school menus.
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Figure 4.1 Percent change in frequency of fruit and vegetables served in elementary
schools before and after the HHFKA.

*Indicates significant changes (P<0.05) in frequency of fruit and vegetable groups served
between pre- and post-HHFKA

Table 4.2 Percent change in frequency of fruit and vegetables served in elementary
schools before and after the HHFKA.
Frequency of Vegetables and Fruit: Elementary School
Starchy

Dark
Green

Red and
Orange

% Served

Beans
and
Peas

Other
Vegetables

Fruit

Pre

24.28

7.51

5.78

4.62

17.92

39.88

Post

23.89

11.67

11.11

7.22

14.44

31.67

%
Change

-0.39

4.16*

5.33*

2.6

-3.48

-8.21*

* Indicates significant change (P < 0.05) from pre-HHFKA to post-HHFKA,
using Chi Square analysis and standardized residuals (+/- 1.96) to identify significance
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Figure 4.2 Percent change in frequency of fruit and vegetables served in middle schools
before and after the HHFKA.

*Indicates significant changes (P<0.05) in frequency of fruit and vegetable groups served
between pre- and post-HHFKA

Table 4.3 Percent change in frequency of fruit and vegetables served in middle schools
before and after the HHFKA.
Frequency of Vegetables and Fruit: Middle School
Starchy

Dark
Green

Red and
Orange

% Served

Beans
and
Peas

Other
Vegetables

Fruit

Pre

26.76

7.75

5.63

4.93

19.01

35.92

Post

21.83

11.97

13.38

8.45

13.38

30.99

Change

-4.93

4.22*

7.75*

3.52*

-5.63*

-4.93

* Indicates significant change (P < 0.05) from pre-HHFKA to post-HHFKA, using
Chi Square analysis and standardized residuals (+/- 1.96) to identify significance
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Figure 4.3 Percent change in frequency of fruit and vegetables served in high
schools before and after the HHFKA.

* Indicates significant changes (P<0.05) in frequency of fruit and vegetable groups
served between pre- and post-HHFKA

Table 4.4 Percent change in frequency of fruit and vegetables served in high schools
before and after the HHFKA.
Frequency of Vegetables and Fruit: High School
Starchy

Dark
Green

Red and
Orange

% Served

Beans
and
Peas

Other
Vegetables

Fruit

Pre

27.33

6.83

4.97

3.73

16.77

40.37

Post

21.03

11.28

8.72

5.13

8.72

45.13

%
Change

-6.3*

4.45*

3.75*

1.4

-8.05*

4.76

* Indicates significant change (P < 0.05) from pre-HHFKA to post-HHFKA, using
Chi Square analysis and standardized residuals (+/- 1.96) to identify significance
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Changes in the Phytochemical and Vitamin Content of School Lunch Menus
The mean difference in the content of phytochemicals and vitamins found in fruits
and vegetables listed in the school lunch menus, is shown in Table 4.5, which outlines the
difference of content of the average amount of each phytochemical or vitamin (obtained
by subtracting the pre-HHFKA mean from the post-HHFKA mean). The menu analysis
of fruits and vegetables included 34 total nutrients inclusive of these phytochemicals and
vitamins; each nutrient had an average amount that was calculated. The complete list of
average mean values used to determine mean differences, including the standard
deviation for each value for the remaining nutrients can be found in Appendix C.
Elementary school menus showed significant (p < 0.05) increases in flavones,
flavonols, and carotenoids, and a decrease in anthocyanidins. In middle school menus,
significant (p < 0.05) increases were observed in flavonols, and carotenoids, and
decreases in Vitamin E and flavan-3-ols were observed. Significant increases (p < 0.05)
in Vitamin E, Vitamin C, anthocyanidins, flavan-3-ols, flavanones, and flavonol content
was observed in the high school menu, with no significant decreases. The only
phytochemical to show a significant increase in each school type was the flavonols. In the
all schools category, significant (p < 0.05) increases were seen in Vitamin C,
anthocyanidin, and flavonol content, with no significant decreases in this category.
A number of phytochemicals and vitamins showed non-significant increases
within each school type. These included vitamin C and flavan-3-ols in the elementary
school menu and anthocyanidins in the middle school menus.
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Table 4.5 Mean Difference in Select Phytochemical and Vitamin Content of School Lunch Menus Pre- and Post-HHFKA
Elementary School
Mean Difference
(Standard
Deviation)

Middle School
Mean Difference
(Standard
Deviation)

High School
Mean Difference
(Standard Deviation)

All Schools
Mean Difference
(Standard Deviation)

n=156

n=171

n=171

n=498

Average Vitamin E (IU/serving)

-0.03(1.6)

-0.55*(1.6)

0.63*(1.3)

0.02(1.6)

Average Vitamin C (mg/serving)

0.55(7.7)

-0.02(8.1)

3.81*(11.9)

1.47*(9.7)

-0.07*(0.26)

0.01(0.27)

0.19*(0.34)

0.05*(0.31)

Average Flavan-3-ols (mg/g)

0.01(0.09)

-0.04* (0.11)

0.07*(0.13)

0.00(0.12)

Average Flavanones (mg/g)

-0.15(1.6)

-0.12(1.1)

0.52*(1.9)

0.08(1.6)

Average Flavones (mg/g)

0.05*(0.28)

-0.02(0.34)

-0.05(0.33)

-0.01(0.33)

Average Flavonols (mg/g)

0.51*(1.3)

0.36*(1.4)

0.33*(1.1)

0.40*(1.3)

81.99*(509.6)

70.04*(458.9)

-29.86(500.4)

39.62(491.1)

Phytochemical or Vitamin

Average Anthocyanidin (mg/g)
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Average Carotenoids (mg/serving) a

* Denotes statistical significance, significant change in phytochemical content or vitamin content from pre- to post-HHFKA
(determined by subtracting: post values-pre values) in each school category. Significance value is P < 0.05. Positive values indicate an
increase in the nutrient, while the negative values indicate a decrease in the respective nutrient.
a
mg/serving includes sum of mg beta-carotene equivalents/serving of provitamin A carotenoids (beta-carotene, alpha-carotene, betacryptoxanthin) and mg/serving of lutein, zeaxanthin and lycopene.

Chapter Five
Discussion
Findings
One objective of this study was to assess the ability of middle and high school
students to correctly identify fighting foods from their one-day in-school food log
following the delivery of two Fighting Foods lessons in their science classes. Results of
this study showed that upon completion of the nutrition-focused science lessons through
the Fighting Foods curriculum, students correctly identified foods as fighting foods an
average of 71% of the time from their one-day in-school food log. This suggests that
students grasped the concept of fighting foods. Previous research has shown that
nutrition curriculum should be designed to improve the knowledge and understanding of
general nutrition (Donnelly, et al, 1996). From findings, it appears that students have the
nutritional knowledge, but often times that is not enough, the information must be
applied. Past research has shown that generally, adolescents are well educated in the
realm of general health and nutrition practices, but this knowledge has not necessarily
been applied into food choices, due to lack of time, discipline, and lack of a sense of
urgency (Story, 1986). The Fighting Foods curriculum was designed to provide a
general understanding of nutrition as well as the opportunity for students to apply their
knowledge using their own food logs. This curriculum shows great promise in leading to
behavior change, by providing nutrition education while encouraging healthy food
choices in an environment (school lunch) that supports these positive food behaviors,
specifically with the food log activity.
The combination of the Fighting Foods curriculum and the built environment
changes brought on by the HHFKA provided a multi-level strategy that encourage fruit
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and vegetable intake among adolescents in the school environment. The HHFKA policy
changed the school environment, while the Fighting Foods curriculum provided direct
education to teachers and students. This idea of a multi-level intervention could be most
beneficial in terms of nutrition education. Collaborations among individuals,
communities, and government agencies have shown beneficial effects in improving
health outcomes and academic scores. Projects using a holistic approach of nutrition and
dietary offerings, nutrition education curricula, physical activity components, and
wellness, have demonstrated improved outcomes among public schoolchildren (Hollar, et
al, 2010). A well-known example of implementing multi-level strategies to influence
behavior change is the Supplemental Nutritional Assistance Program-Education (SNAPEd). SNAP-Ed interventions provide nutrition and physical activity education and
opportunities for their target population by intervening at all levels of the socio-ecologic
framework including the individual, family, school, and community levels (USDA,
2014). Through these interventions, SNAP-Ed has been positively associated with adults
and children both eating more fruits and vegetable, adults eating less fast food, and more
physical activity, when compared to the same demographic who did not receive any
intervention (Molitor, 2015). Using the multi-level approaches to nutrition education has
the potential to influence positive health behaviors.
Another objective of this study was to determine if there were significant changes
in the frequency of fruit and in vegetable sub-categories offered in the school lunch
menu. It was found that the frequency of fruits and vegetables (sub-categories) increased.
Essentially, there were more leafy green vegetables, more red and orange vegetables, and
more beans and peas, being served in school lunches after the HHFKA was implemented
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into the schools studied. Because of the changes in these types of vegetables, it was
expected that there would be an increase in the contents of: carotenoids like betacarotene, flavonoids like anthocyanidins, along with an increase in Vitamin C. This
expectation of these increases came with the knowledge that there was a mandated
increase in red and orange and leafy green vegetables served, which are rich in betacarotene, as well as Vitamin C. Lastly, an increase in anthocyanidins was expected as
well due to their presence in red fruits and vegetables such as berries, cherries, grapes,
pomegranate, black currant, red onions, eggplant, and purple cabbage. In addition to this,
there were less starchy vegetables, less ‘other’ vegetables, and in elementary schools less
fruit being served to accommodate for the increase in frequency of the leafy green,
orange and red, and beans and peas being served, as mentioned above. Specific foods that
decreased in frequency on the menu from pre- to post-HHFKA that contributed to the
decreased frequencies of fruit, starchy vegetables and other vegetables include: potato
products (french fries, mashed potatoes), corn, refried beans, frozen fruit juice products.
Foods that increased in frequency from pre- to post-HHFKA that contributed to the
increase in dark green and red and orange vegetables, and beans and peas (in middle
schools) include: sweet potatoes (fries), carrots, black beans (refried), and green
vegetables (mixed greens, spinach). This decrease in starchy vegetables such as potatoes,
peas, and corn, and the increase in dark green and red and orange vegetables are
significant because of the implications of these changes on the menu. These changes in
frequency of fruit and vegetables served imply that there is more balance of fruit and
vegetables on the menu: more of a variety of vegetables are being offered.
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The last objective of this study was to assess the change in select phytochemical
content and vitamins of school lunch menus following implementation of the HHFKA.
Data showed that there were significant changes in Vitamin E, anthocyanidin, and
carotenoid content in at least two schools, with a significant increase in flavonols
observed in all schools. While there was a decrease in the amount of carotenoids in the
high school group, the change was not significant. A significant decrease was observed in
Vitamin E and flavan-3-ol content in middle schools, with a significant decrease in
anthocyanidins in elementary schools.
Results from this study show that while there was an increase in content in many
phytochemical groups, the most significant increases were observed in Vitamin C,
flavonols, and carotenoid content. This increase in flavonols in all schools could be due
to the amount of the fruit and vegetable sub-categories changing to incorporate more
variety of these foods. Flavonols are one of the most diverse phytochemicals present in a
variety of fruits and vegetables (by both type and color), including onions, broccoli,
apple, berries, kale, leeks, and blueberries. Flavonols are proven to be beneficial by
providing antioxidant effects (Boots, et al, 2008, Lakhanpal & Rai 2007), antiinflammatory effects (Boots, et al, 2008, Garcia-Mediavilla, et al, 2007), possess anticarcinogenic and anti-mutagenic properties (Miean & Mohamed 2001), and can be
especially helpful when oxidative stress and inflammation are high (Boots, et al, 2008).
The significant decrease in anthocyanidins in only elementary schools could be related to
the decrease in frequency of fruits served in only this school as well.
Changes in carotenoids were observed when comparing each school’s menu
content separately, in the elementary and middle schools. Carotenoids offer many
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benefits and can protect against cancer, cardiovascular disease, diabetes, and other
chronic diseases (Rao & Rao, 2007), and this increased carotenoid content bode well for
students due to their antioxidant capacities. Vitamin C content however, increased
significantly only in the high school menu group, also the only group to not have a
significant increase in carotenoids. One main difference of the high school menus from
the elementary and middle school menus is the offering of fresh fruit. High schools were
required under the HHFKA to serve twice as much servings of fruit (1 cup vs. ½ cup in
elementary and middle schools) (USDA, 2012) and offered fresh fruit daily, while fruit
servings in the other schools varied by type (canned, in juice, fresh, etc.), which could
have affected the increase in Vitamin C in high schools. An explanation for significant
changes in carotenoids only in elementary and middle schools, and Vitamin C only in
high schools, could also have to do with the flexibility with calorie needs in elementary
and middle schools. Under the HHFKA, elementary and middle schools were allowed to
use one meal pattern for students in grades K-8 since food quantity requirements for
grades K-5 and grades 6-8 overlap, which enabled both types of schools to offer a similar
range of average calories per week to meet requirements for each of these grades (USDA,
2012).
The HHFKA exposed students to a variety of fruits and vegetables. Repeating
exposure to the taste of foods can promote a significant increase in liking foods and
consumption of foods that are usually rejected by children (Wardle, et al, 2003). This
repeated exposure may increase the likelihood of the student to accept the food (Wardle,
et al, 2003), which can lead to beliefs and attitudes about healthy eating that factor into
food intake as an adult (Westenhoefer, 2001). The earlier and broader a child’s
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experience with food is, the child’s diet has more likelihood to be healthier; repeated
opportunities to taste unfamiliar foods results in increased liking along with increased
consumption of foods (Cooke, 2007). While exposure can help with learning to accept a
food, this acceptance of food is influenced by external cues such as advertising and media
exposure. When exposed to advertising and media, children consumed 45% more
unhealthy foods (Harris, et al, 2009). If external cues such as advertising and media were
used to promote healthy behaviors and healthy food choices, such as incorporating
Fighting Foods on a national scale, it could greatly increase the potential for positive
health effects in these individuals. In combination with the HHFKA, nutrition education
can provide a complementary approach in increasing food acceptance and improving
human health.
Strengths, Limitations, and Future Research
A strength of this study was the use of menus from a school district that had to
make a number of changes to meet the new policies required by the HHFKA. This
allowed for the clear demonstration of a how a greater variety of vegetables were being
offered as a result of HHFKA. Despite many phytochemicals not showing a significant
increase in post-HHFKA menus, there were a number showing a trend, which may have
reached statistical significance if all foods served on the menu were analyzed for
phytochemical content. For example, whole wheat products were not included in
analysis and could have contributed to significant changes in phytochemical content.
Additionally, the analysis of phytochemicals was limited to the available flavonoid data
provided by the NCC Flavonoid and Proanthocyanidin Provision Table (UMNCC, 2013).
There are many more phytochemicals and foods that need to be analyzed and added to
this general phytochemical table. This means that although this study did not show a
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significant increase in all phytochemical content from pre- to post-HHFKA it does not
necessarily mean the content did not increase, but as the phytochemical database expands
the likelihood of observing more of a significant increase in phytochemical content is
more likely.
Some limitations were found when conducting the current study. Food logs were
only available for high school and middle school students, and not elementary. The entire
year of school menus were not used, and the nature of the cycle menu was used to
generate the phytochemical and nutrient data. Because of this a number of foods were
not used due to a lack of nutrient information; the exclusion of these foods could have
affected nutrition content. Furthermore, analysis of a set of menus from another school
district may yield different results depending upon how progressive the school was in
serving healthier meals by including more fruits and vegetables in lunches beyond which
were required by law prior to implementation of the HHFKA. Additionally, this
particular menu analysis cannot be applied to the general population and/or private
schools. State regulations determine whether the state education agency can or cannot
administer the HHFKA program in private schools (USDA, 2015).
Regarding the food log portion of the study, these were only assessed following
administration of the Fighting Foods lessons. Therefore, change in “fighting food”
knowledge could not be assessed. Additionally, actual food consumption was not
measured from the collected food logs because key information such as serving size and
food preparation methods were inconsistently recorded by students, making it difficult to
assess food intake. The amount of foods that these students are actually consuming is
important to know, as they have to eat the food to get the beneficial effects. Lastly, the
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NCC Flavonoid and Proanthocyandin Provisional Table did not have phytochemical
information for some of the fruits and vegetables included in the analysis of the menus.
Future research should focus on measuring the actual quantity of phytochemicalrich foods being consumed by adolescents in school lunches following their participation
in Fighting Foods lessons, to determine if there is an increased change in fruit and
vegetable consumption in an environment that offers the opportunity to make such
healthy changes. Additionally, consumption of fruits and vegetables outside of school
and after school hours should be measured, to determine if children apply their nutritional
knowledge outside of school while assessing the external cues that influence their food
behaviors (peers, parents, media, etc.). Future studies with the Fighting Foods curriculum
should expand to a regional or national level. A program like this would be most
beneficial if provided nationwide. Just as physical education and health is mandated
curriculum, nutrition education curricula should be required in schools besides the
general coverage in health classes. While these food logs were only conducted on
secondary school students of middle and high school age, elementary school students can
benefit and retain knowledge from receiving similar education that is age-and-educationlevel appropriate (Kelder, et al, 2005). Expanding this nutrition education to include
primary schools, when adjusted for education level/age, could prove to be beneficial for
these students as well.
Conclusion
Phytochemicals are plant chemicals associated with providing beneficial effects
towards human health, such as decreasing the risk for cardiovascular disease, cancer,
obesity, and inflammation (Rao & Rao, 2007). Creating an environment that encourages
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fruit and vegetable consumption in conjunction with nutrition education are important
intervening steps to promote behavior change. The HHFKA is a policy change that
initially changed the built environment of the school lunch program by mandating an
increase in the amount of fruits and vegetables being served, as well as the variety
(Healthy, Hunger-Free Kids Act, 2010). As a result, the current study observed an
increase in the amount of leafy green, red and orange, and beans and peas, served in
schools with subsequent decreases in other vegetable sub-categories to accommodate for
the increase in the vegetables mentioned above. In this particular set of menus the
amount of starchy vegetables decreased, as well as the amount of “other vegetables”.
Despite the significant changes in the variety of vegetables and increased amount of fruits
and vegetables offered in the menu, the menu analysis of the current study did not
demonstrate a robust concomitant increase in select phytochemical and vitamin content.
Several phytochemicals did increase, but these were only trends. There was however, a
significant increase in average flavonol content for all schools (elementary, middle, and
high schools), increase in carotenoids for elementary and middle schools, and an increase
in average vitamin C content for high school menus post-HHFKA. The lack of increased
phytochemical content was likely due to a number of foods missing from the analysis as
well as the phytochemical database being limited in the number of phytochemicals with
content information and limited in the number of foods included in the table. As the
database grows, the increase in phytochemical content will likely move beyond trends
into significant changes.
The increases in flavonol and carotenoid content is an important observation
because of the positive health implications it could have among youth consuming school

60

lunch on a regular basis. Although limited, research has demonstrated among adolescents
that consumption of fruits and vegetables was associated with decreases in markers of
oxidation and inflammation (Holt, et al, 2009). Decreasing the degree of inflammation
and oxidation in youth can have positive effects on their health as adults by decreasing
the risk of developing chronic diseases or delaying their development.
In order for youth to receive the aforementioned benefits, they need to overcome
the obvious barrier of consuming more fruits and vegetables, and consume more variety
of them as well. Using a multi-faceted approach is essential to creating behavior change.
A nutrition education tool that could be used to supplement the policy changes of the
HHFKA is the Fighting Foods curriculum. A unique benefit to this curriculum is that it
incorporates nutrition-focused lessons into core sciences classes without detracting from
the important science concepts already being taught. The Fighting Foods curriculum
teaches students the science behind how environmental contaminants can harm the body
and how certain nutrients can protect the body from this damage. A promising finding
from this study revealed that following two Fighting Foods lessons, students were able to
correctly identify fighting foods from their own one-day in-school food log an average of
71% of the time. Therefore, combining the Fighting Foods curriculum, which provides
youth with the knowledge pertaining to the health benefits of fruits and vegetables, with
the increased availability of fruits and vegetables in school lunches provided by the
HHFKA, is a powerful multi-level strategy that could lead to youth consuming more
fruits and vegetables from their school lunch and lead to better health outcomes.
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Appendices
Appendix A
Common Fruit and Vegetable Sources of Phytochemicals and Vitamins

Carotenoids

Flavonoids

Phytochemical

Common Sources

Color of
Foods

Alpha-carotene

carrots, pumpkin, winter squash, collards,
kale

orange,
green

Beta-carotene

carrots, pumpkin, spinach, collard,
spinach, kale, cantaloupe

orange,
green

Betacryptoxanthin

pumpkin, oranges, papaya, peaches, red
peppers, yellow corn, watermelon

orange,
red

Lutein and
Zeaxanthin

green leafy vegetables (spinach, kale,
turnip and mustard greens, collards)

green

Lycopene

tomatoes, watermelon, pink grapefruit

red

Flavonols

onions, broccoli, apple, berries, kale, leeks,
blueberries

Flavones

parsley, celery, skin of citrus fruit

various
green

Flavanones

citrus fruit

orange,
yellow

Flavan-3-ols

green tea

green

berries, cherries, grapes, pomegranate,
black currant, red onions, eggplant, purple
cabbage, purple sweet potatoes

red and
purple

Vitamin C

cantaloupe, grapefruit, honeydew, kiwi,
mango, orange, papaya, strawberries,
tangelo, tangerine and watermelon

orange,
red

Vitamin E

leafy greens, vegetable oils, nuts, seeds

green

Anthocyanidins

Vitamins

(Manach, 2004, Drake and Higdon, 2008, Drake and Higdon, 2009)
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Appendix B: Sample Fighting Foods Curriculum Food Log (completed)
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Appendix C: Mean Values for Nutrients by School
ELEMENTARY SCHOOL

Average Vitamin E

Pre-HHFKA
(Mean + Standard Deviation)
0.95 + 0.89

Post-HHFKA
(Mean + Standard Deviation)
0.92 + 1.27

Average Vitamin C

9.14 + 4.53

9.69 + 6.56

Average Anthocyanidins

0.11 + 0.21

0.04 + 0.11

Average Flavan-3-ols

0.04 + 0.06

0.05 + 0.07

Average Flavanones

0.61 + 1.25

0.46 + 0.99

Average Flavones

0.06 + 0.14

0.11 + 0.23

Average Flavonols

0.28 + 0.46

0.79 + 1.15

231.35 + 296.81

313.34 + 403.62

Nutrient

Average Carotenoids

MIDDLE SCHOOL
Pre-HHFKA
(Mean + Standard Deviation)

Post-HHFKA
(Mean + Standard Deviation)

Average Vitamin E

1.41 + 1.4

0.86 + 0.8

Average Vitamin C

9.41 + 5.85

9.39 + 6.12

Average Anthocyanidins

0.11 + 0.21

0.12 + 0.17

Average Flavan-3-ols

0.08 + 0.08

0.04 + 0.06

Average Flavanones

0.55 + 1.02

0.43 + 0.72

Average Flavones

0.13 + 0.24

0.11 + 0.22

Average Flavonols

0.44 + 0.78

0.8+ 1.14

293.67 + 321.4

363.71 + 335.89

Nutrient

Average Carotenoids
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HIGH SCHOOL
Pre-HHFKA
(Mean + Standard Deviation)

Post-HHFKA
(Mean + Standard Deviation)

Average Vitamin E

1.66 + 0.86

2.29 + 0.98

Average Vitamin C

14.48 + 8.52

18.29 + 7.57

Average Anthocyanidins

0.26 + 0.31

0.45 + 0.13

Average Flavan-3-ols

0.13 + 0.11

0.2 + 0.07

Average Flavanones

0.92 + 1.49

1.44 + 0.99

Average Flavones

0.16 + 0.3

0.11 + 0.16

Average Flavonols

0.46 + 0.55

0.79+ 0.9

301.27 + 395.68

271.41 + 280.63

Nutrient

Average Carotenoids

ALL SCHOOLS

Average Vitamin E

Pre-HHFKA
(Mean + Standard Deviation)
1.35 + 1.12

Post-HHFKA
(Mean + Standard Deviation)
1.37 + 1.22

Average Vitamin C

11.06 + 7.00

12.53 + 7.95

Average Anthocyanidins

0.16 + 0.26

0.21 + 0.23

Average Flavan-3-ols

0.09 + 0.09

0.09 + 0.10

Average Flavanones

0.70 + 1.28

0.78 + 1.02

Average Flavones

0.12 + 0.24

0.11 + 0.21

Average Flavonols

0.40 + 0.62

0.80 + 1.07

276.71 + 342.39

316.33 + 343.33

Nutrient

Average Carotenoids
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